Translational Significance {#s5}
==========================

An 8-item version of the Major Depression Inventory can be used to validly and reliably screen for symptoms of depression among elderly with acquired dual sensory loss regardless of the severity and duration of their sensory impairments.

Background and Objectives {#s6}
=========================

Dual sensory loss is a disability where hearing and vision are concurrently impaired, making it impossible to compensate the loss of one sense by use of the other. Dual sensory loss can be either congenital or acquired. Acquired dual sensory loss is largely attributable to age-related impairments in hearing and vision ([@CIT0044]). Previous research varies regarding the definition of dual sensory loss and the population investigated, but for the majority of persons with dual sensory loss, especially among older adults, the disability is acquired ([@CIT0044]). It is reported that the prevalence of dual sensory loss increases from approximately 1% in younger age groups to 1--5% in 65--69 year-olds and to approximately 22% in persons who are 80 years or older, with variations depending on definitions and sampling methods ([@CIT0042]). Across studies, it is reported that acquired dual sensory loss is a risk factor affecting communication, cognition, physical functioning, and mental health ([@CIT0024]). Elderly persons with dual sensory loss have consistently been found to have an increased level of symptoms of depression compared with people without sensory loss or people with single sensory loss ([@CIT0020]; [@CIT0023]). However, measures of depression can potentially be problematic to use among people with sensory impairments, as some of the symptoms identified by measures of depression could be consequences of the sensory losses rather than depression per se, for example, sleep problems. Sleep problems are a known consequence of visual impairment, due to its impact on the circadian rhythm ([@CIT0043]). Validity studies of the Patient Health Questionnaire-9 among people with visual impairments have yielded different results in relation to the item on sleep problems ([@CIT0018]; [@CIT0032]).

Thus, although there exist potentially problematic items in measures of depression used among older adults with sensory impairments, and these are likely to disrupt accurate estimations of the prevalence of depression in this group, to our knowledge, no thorough examination of the construct validity of measures of depression has so far been conducted in a dual sensory loss population. Only two studies, to our knowledge, report on the internal consistency among persons 18 years or older with dual sensory loss. The two studies investigated the Depression Rating Scale ([@CIT0012]) and reported Cronbach's alpha to be 0.68 and 0.63, respectively ([@CIT0014]; [@CIT0021]).

Another challenge when surveying people with sensory impairments is communication. People with acquired dual sensory loss can have varying types and degrees of sensory impairments. These differences in the severity and type of sensory impairment can lead to challenges such as the need for a variety of assistive devices and coping strategies in the different subgroups of people with acquired dual sensory loss. As a consequence and to attain a broad representation of people with acquired dual sensory loss, different means of collecting data are necessary to adapt to the sensory functions of the research participants. Examples of such adaptions are tactile language interpretation and having text read aloud either by an assistant or by use of technology. Though these adaptions are needed, they pose a risk of systematically biasing the results of the research performed. To our knowledge, no studies have hitherto investigated whether items in measures of depression function differently among people with acquired dual sensory loss depending on the adaptions in data collection.

The purpose of this study was to investigate the construct validity and reliability of the Major Depression Inventory used among elderly persons with acquired dual sensory loss. Specifically, the focus was on (a) the impact of the degree and duration of vision and hearing impairment on the item responses and (b) the impact of the different adaptions in data collection on the item responses. It was hypothesized that persons with severe vision impairment would systematically be more likely to endorse the item on sleep problems compared to participants with mild vision impairment independent of their score on the Major Depression Inventory. It was further hypothesized that participants who received assistance completing the questionnaire would systematically be less likely to endorse the item "felt life was not worth living" independent of their score on the Major Depression Inventory.

Research Design and Methods {#s7}
===========================

Study Population {#s8}
----------------

The study population consisted of people aged 50 years or older identified with functional acquired dual sensory loss according to the Nordic definition ([@CIT0004]) by the national provider of services for people with acquired dual sensory loss in Denmark (*N* = 513). Before data collection, 30 persons were excluded as these persons were not able to complete the survey with assistance due to severe health conditions (e.g., terminal dementia) resulting in a sample size of 483. During the data collection interviewers excluded another 13 persons as they were not able to complete the questionnaire by any means and 14 persons died during the period of data collection. Of the remaining 456 persons, 302 persons (66%) returned the questionnaire and 207 persons (45%) had complete data on the variables included in this study.

Data Collection {#s9}
---------------

The questionnaire was pilot-tested among three persons above 70 years old with acquired dual sensory loss with regard to face validity and the readability of the layout for people with vision loss. Minor changes were made accordingly. The data collection took place from February to and including December 2015. The potential participants were sent an information letter 1--2 weeks before receiving a mailed questionnaire. The information letter explained the project and invited participation by telephone or in-person interviews if completing a paper questionnaire was not feasible. A second questionnaire was sent to nonresponders after 1--2 months. If there was still no response, the potential participants were contacted by phone and encouraged to participate by the national service provider. They were encouraged to ask for assistance with completion of the questionnaire. Individual contact persons and consultants for the persons with acquired dual sensory loss had been informed about the survey in advance, and they had received an interview guide to enable them to assist in completing the questionnaire if requested. ID numbers served to anonymize the participants. The project was approved by the internal ethics board at University of Copenhagen and by the Danish Data Protection Agency (No. 2015/02).

The Major Depression Inventory {#s10}
------------------------------

The Major Depression Inventory was developed in 1998 according to the diagnostic criteria for moderate to severe depression in the ICD-10 and major depression in the DSM-IV. The Major Depression Inventory is used to screen for level of depressive symptoms by use of a total scale score and to discriminate between clinical levels of depression by the use of cut-off points ([@CIT0005]). The scale score ranges from 0 to 50, and a score of 26 or higher has been suggested as the most appropriate cut-off point for moderate depression ([@CIT0006]). The Major Depression Inventory differs from the more commonly known Hamilton Depression Rating Scale or Beck Depression Inventory in that it asks about the frequency of depressive symptoms within the last 2 weeks, rather than their intensity ([@CIT0008]).

The validity of the Major Depression Inventory has been assessed with regard to dimensionality using classical psychometric methods, nonparametric item response methods, and Rasch models. The inventory has been shown to be unidimensional in general populations ([@CIT0016]) and among patients with depression or Parkinson's disease ([@CIT0008]; [@CIT0025]; [@CIT0039]), but not among patients with chronic widespread pain ([@CIT0002]). Another study using Mokken analysis found the Major Depression Inventory to be unidimensional only after excluding items 9 and 10 in a sample of people suspected of having depression ([@CIT0038]). Furthermore, acceptable sensitivity and specificity ([@CIT0006]) as well as adequate external validity ([@CIT0007]; [@CIT0039]) have been established. Item analyses have found less than optimal fit for the items concerning sleep, appetite, and bad conscience ([@CIT0002]; [@CIT0038]; [@CIT0039]), and some items have shown local dependence ([@CIT0038]). In one study using the original 6-point response scale of the Major Depression Inventory, they found that a collapsed 4-point response scale was more appropriate ([@CIT0038]).

Participants in this study were asked to indicate how often during the last 2 weeks each of 10 symptoms had been present, using a 6-point response scale ranging from "all the time" (Score 5) to "none of the time" (Score 0; [Table 1](#T1){ref-type="table"}). As originally developed, only the highest scores of item 8a and 8b together with 10a and 10b were included in the total score. A low score indicated a low level of depressive symptoms ([@CIT0005]). Item 7 originally included the examples "reading newspaper and watching television," but during our pilot-testing it became evident that in the case of low vision the examples were problematic. Thus, "reading newspaper" was substituted with "listening to radio."

###### 

The Major Depression Inventory and Mean Item Scores (SD) for the 8-item Version (*N* = 207)

         Instruction and items                                                                                                                                                                                                                               Mean item scores (SD)   
  ------ --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------- -------------
  1\.    Have you felt low in spirits or sad?                                                                                                                                                                                                                                        
  2\.    Have you lost interest in your daily activities?                                                                                                                                                                                                    1.37 (1.50)             0.88 (0.81)
  3\.    Have you felt lacking in energy and strength?                                                                                                                                                                                                       2.26 (1.74)             1.25 (0.73)
  4\.    Have you felt less self-confident?                                                                                                                                                                                                                  1.16 (1.43)             0.77 (0.79)
  5\.    Have you had a bad conscience or feelings of guilt?                                                                                                                                                                                                 0.56 (1.05)             0.39 (0.62)
  6\.    Have you felt life wasn't worth living?                                                                                                                                                                                                             0.67 (1.24)             0.43 (0.67)
  7\.    Original: Have you had difficulty in concentrating, e.g., when reading the newspaper or watching television; Our modified version: Have you had difficulty in concentrating, e.g., when listening to the radio or following a television program?   1.32 (1.46)             0.79 (0.85)
  8a.    Have you felt very restless?                                                                                                                                                                                                                        1.32 (1.46)             0.86 (0.76)
  8b.    Have you felt subdued or slowed down?                                                                                                                                                                                                                                       
  9\.    Have you had trouble sleeping at night?                                                                                                                                                                                                                                     
  10a.   Have you suffered from reduced appetite?                                                                                                                                                                                                            1.08 (1.60)             0.63 (0.81)
  10b.   Have you suffered from increased appetite?                                                                                                                                                                                                                                  

^a^The six original response categories were: 5 (*all the time*), 4 (*most of the time*), 3 (*slightly more than half the time*), 2 (*slightly less than half the time*), 1 (*some of the time*), and 0 (*at no time*).

^b^The collapsed response categories were: 2 (*all the time, most of the time, or slightly more than half the time*), 1 (*slightly less than half the time, or some of the time*), and 0 (*at no time*).

Initial analyses showed that some of the response categories were rarely used by our study population. As expected, this caused problems with convergence in the initial analysis. It was therefore decided to collapse the original six response categories into three, and all analyses reported in this study were performed using a 3-point response scale. The choice of cut points was made to achieve meaningful categories, that is, "At no time" (same as original first category), "Less than half the time" (collapse of original second and third categories), and "More than half the time" (collapse of original fourth to sixth categories).

Background Variables Included in Analyses of Differential Item Functioning {#s11}
--------------------------------------------------------------------------

All background variables and categories are listed in [Table 2](#T2){ref-type="table"}. *Hearing impairment* was measured by the question "Do you have a hearing impairment?" with five response categories. Similarly, *Vision impairment* was measured by the question "Do you have a vision impairment?" with five response categories. Slight and moderate impairments were collapsed due to the low number of participants reporting slight impairment and because no-one reported no impairment. *Duration of sensory impairments* was recorded as the number of years since the hearing and vision impairments were first diagnosed by a health professional. *Lawton's instrumental activities of daily living* ([@CIT0019]) was used to measure functional status. *Comorbidity* was calculated as the sum of the following conditions, reported to have been diagnosed by a health professional: arthritis (rheumatoid and osteoarthritis), osteoporosis, asthma, lung diseases (chronic bronchitis, emphysema, or chronic obstructive pulmonary disease), coronary thrombosis or angina pectoris, cerebral thrombosis or hemorrhage, high blood pressure, diabetes (Type I or II), stomach or bowel problems, chronic depression, chronic anxiety, prolapsed intervertebral disc or other back problems, cancer, dementia, and a BMI above 30. It was investigated whether instrumental activities of daily living and comorbidity were associated with the item responses independent of depression level, because several of the items could be symptoms or consequences of disease or low physical functioning ([@CIT0013]; [@CIT0015]). Information about *Level of education* and *Cohabitation status* was obtained. The category "other education" was education/courses that were not convertible to the Danish version of the International Standard Classification of Education. Sociodemographic factors are associated with depression ([@CIT0001]), therefore educational level and cohabitation status as well as age and gender were included for analyses of differential item functioning to ensure that differences in the level of depressive symptoms were not caused by confounding by sociodemographic factors. *Mode of completion* was the method used for completing the survey by the participant and categorized as "No assistance received," "Assistance received from personal relations or professionals," or "Interview by researcher or research assistant." Information about s*ex* and *age* was retrieved from the national service provider.

###### 

Sample Characteristics

  Characteristic                          Total (*n* = 302)   Complete cases (*n* = 207)         
  --------------------------------------- ------------------- ---------------------------- ----- ----
  Sex\*                                                                                          
   Male                                   90                  30                           54    26
   Female                                 212                 70                           153   74
  Age                                                                                            
   50--64 years                           45                  15                           24    12
   65--79 years                           58                  19                           43    21
   80--89 years                           107                 35                           77    37
   ≥90 years                              92                  30                           63    30
  Mode of completion\*                                                                           
   No assistance received                 34                  11                           16    8
   Assistance received                    238                 79                           175   85
   Interview                              26                  9                            16    8
   Missing                                4                   1                                  
  Severity of visual impairment                                                                  
   Light or moderate vision impairment    45                  15                           26    13
   Severe vision impairment               211                 70                           155   75
   Totally blind                          40                  13                           26    13
   Missing                                6                   2                                  
  Duration of visual impairment                                                                  
   0--5 years                             27                  9                            21    10
   6--10 years                            49                  16                           37    18
   11--20 years                           72                  24                           54    26
   \>20 years                             131                 43                           95    46
   Missing                                23                  8                                  
  Severity of hearing impairment                                                                 
   Light or moderate hearing impairment   97                  32                           65    31
   Severe hearing impairment              180                 60                           130   63
   Profoundly deaf                        19                  6                            12    6
   Missing                                6                   2                                  
  Duration of hearing impairment                                                                 
   0--5 years                             29                  10                           24    12
   6--10 years                            57                  19                           44    21
   11--20 years                           69                  23                           57    28
   \>20 years                             122                 40                           82    40
   Missing                                25                  8                                  
  Comorbidity\*                                                                                  
   0 comorbid conditions                  35                  12                           17    8
   ≥1 comorbid condition                  252                 83                           190   92
   Missing                                15                  5                                  
  Functional status (IADL score)\*                                                               
   High functional status (7--8)          43                  14                           39    19
   Medium functional status (4--6)        152                 50                           127   61
   Low functional status (0--3)           59                  20                           41    20
   Missing                                48                  16                                 

*Note:* IADL = instrumental activities of daily living.

\**p* \< .05 for difference between complete and incomplete cases (χ^2^).

Statistical Analyses {#s12}
--------------------

### The Rasch models {#s13}

Construct validity was investigated using the polytomous Rasch Model ([@CIT0034]), which is an item response model for ordinal data where the item parameters (i.e., item difficulty) are measured on the same scale as the person parameters (i.e., person ability) of the latent trait ([@CIT0035]). In this study, an item reflecting a symptom of severe depression is expected to have a high item difficulty and is therefore less likely to be endorsed. Similarly, a person with a high level of depressive symptoms is expectedly more likely to endorse the items of the Major Depression Inventory. A scale fitting the Rasch model has several advantages: (a) the scale is criterion-related construct valid according to the definition of construct validity by [@CIT0041], (b) the scale is specifically objective, meaning that comparisons of persons can be made independent of the items used, and comparisons of items can be made independent of the persons used, (c) the reliability of the scale is as optimal as it can be, and (d) the score of the scale is sufficient for the latent variable, which means that the score includes all the information that can be derived from the items ([@CIT0027]). To obtain these advantages the data must fit the Rasch model, meaning that they have to meet the following requirements: (a) unidimensionality, all items measure the same construct, (b) monotonicity, the probability of a "high" response to an item increases when the level on the latent variable increases, (c) homogeneity, the rank order of item difficulties are the same for persons with low and high scores on the latent variable, (d) no local dependence of items, meaning that items should not be associated when conditioning on the latent variable, and (e) No differential item functioning ([@CIT0027]; [@CIT0035]), meaning that items and relevant exogenous variables should not be associated when conditioning on the latent variable. An example of differential item functioning would include an association between vision impairment severity and item 9 on sleep problems, independent of the Major Depression Inventory score. In this instance, persons with severe vision impairment would have a higher score on the Major Depression Inventory not attributed to higher depression but rather the severity of their vision impairment.

A graphical log-linear Rasch Model is a kind of Rasch model where local dependence and differential item functioning can be adjusted for, if the item responses do not fit the pure Rasch model ([@CIT0028]). If a graphical log-linear Rasch model only includes local dependence, the score will still be sufficient for the latent variable but the reliability will be affected ([@CIT0022]). If a graphical log-linear Rasch model includes differential item functioning, the score of the scale will depend on the level of the exogenous variable causing differential item functioning and the validity and calculation of the sum score will thus depend on that variable as well ([@CIT0029]).

### Item analyses {#s14}

Initially, fit to the Rasch model was tested. If the item responses did not fit the Rasch model, then analyses of local dependence and differential item functioning were conducted, and subsequent fit to a graphical log-linear Rasch model was tested.

A global test of fit to the model and a global test of differential item functioning were conducted by conditional likelihood ratio tests where item parameters were compared in subpopulations ([@CIT0003]). The fit of the individual items was tested by comparing observed and expected gamma coefficients between items and the rest-scores ([@CIT0026]). If individual items did not fit the model, they were excluded from the scale. Local dependence, differential item functioning, and associations between theta and background variables were analyzed by partial gamma correlations \[γ^p^\]. γ^p^ correlations were evaluated as follows: 0--0.1 no correlation, 0.1--0.2 weak correlation, 0.2--0.3 moderate correlation, and \>0.3 strong correlation ([@CIT0037]). Item pairs showing local dependence were combined into composite items and item difficulties were estimated based on these composite items ([@CIT0029]). Differential item functioning was tested relative to severity of vision and hearing impairments, mode of completion, sex, age, duration of vision and hearing impairments, comorbidity, instrumental activities of daily living, highest attained educational level, and cohabitation status. If evidence of differential item functioning was found, item difficulties, reliability, and targeting were stratified by the exogenous variable showing differential item functioning. In case of fit to a graphical log-linear Rasch model, the reliability was estimated using a test--retest simulation with Monte Carlo estimation ([@CIT0022]), and in case of an association between relevant background variables, that is, differences in depression scores for those subgroups, reliability and targeting were estimated for each of these groups. Targeting refers to whether persons (in the study population) are positioned in the interval of the latent variable where there is most information from the items. Targeting was appraised by two indices; the test information target index and the root mean squared error target index. The two indices should be close to one and were calculated as (a) the mean test information divided by the maximum test information and (b) the minimum standard error of measurement divided by the mean standard error of measurement, respectively ([@CIT0030]).

This was a confirmatory validity study and not an inferential analysis of differences in the Major Depression Inventory. It was possible to include persons with missing information on items in graphical log-linear Rasch models, but not persons with missing information on exogenous variables. Only eight participants would be excluded due to missing item responses. The nature of a confirmatory validity study and the fact that the sample would only be increased by eight persons were the two reasons for using complete cases in the analyses. Two subanalyses were decided upon: (a) repeating the analysis excluding instrumental activities of daily living from the models, to include a maximum of cases, while not excluding any crucial information on impairment of hearing or vision, as this was the exogenous variable with most missing values (*N* = 238), and (b) repeating the analysis with an ordinal version of the education variable, where those with other educations were excluded (*N* = 188). This was done to test for directional differential item functioning. The results from these subanalyses did not differ substantially from the main analysis and thus only the results from the main analysis are presented in this article.

A critical level of 5% was used in all analyses. Where appropriate, multiple testing was adjusted for using the Benjamini--Hochberg procedure ([@CIT0009]). Descriptive analyses were performed using IBM SPSS 22. Rasch analyses were performed using Digram 3--42 ([@CIT0031]).

Results {#s15}
=======

Sample Characteristics {#s16}
----------------------

The characteristics of the complete cases (*n* = 207) included for analyses and the total sample of participants in the questionnaire survey (*N* = 302) are shown in [Table 2](#T2){ref-type="table"}. The majority of the complete cases were women (74%) and 80 years or older (67%). For vision impairment, 75% reported having severe vision impairment and 13% reported being totally blind. Of the 207 complete cases, 63% reported having severe hearing impairment and 6% reported being profoundly deaf. Only two of the complete cases reported being totally blind and profoundly deaf. Half of the complete cases (50%) reported having severe vision impairment as well as severe hearing impairment and 20% reported having severe vision impairment and light or moderate hearing impairment. The majority reported having had vision or hearing impairment for more than 10 years (72% and 68%, respectively), and 10% reported having had vision impairment and 12% reported having had hearing impairment for 5 years or less. Of the complete cases, 85% had received assistance completing the questionnaire and 8% had been interviewed either by phone or in person. The majority of the complete cases were living alone (82%). Twenty-two percent of the complete cases had attained a higher education. The remaining cases had vocational (34%), basic (35%), or other (9%) education. Compared to the noncomplete cases, there were significantly more females, more with comorbid conditions, fewer with low functional status, and more who had received assistance completing the questionnaire among the complete cases ([Table 2](#T2){ref-type="table"}).

Rasch Analyses {#s17}
--------------

### Fit analyses {#s18}

The full 10-item version of the Major Depression Inventory did not fit the Rasch model (Conditional likelihood ratio 34.8, *df* = 19, *p* \< .05), and specific evidence of the misfit of items 1 "felt low in spirits or sad" and 9 "trouble sleeping at night" was found (*p* \< .001 and *p* \< .0001, respectively). Items 1 and 9 were subsequently excluded from the scale. Further analysis by the graphical log-linear Rasch model found evidence of local dependence between the two item pairs; items 2 and 3 ("lost interest in daily activities" and "felt lacking in energy and strength," γ^p^ = 0.44, *p* \< .001), and items 4 and 5 ("felt less confident" and "had a bad conscience or feelings of guilt," γ^p^ = 0.50, *p* \< .01; [Figure 1](#F1){ref-type="fig"}). Therefore, two composite items were computed (items 2 + 3 and 4 + 5, respectively). The 8-item version with the two composite items did fit a graphical log-linear Rasch model (results not shown). With regard to differential item functioning, no evidence of differential item functioning by severity or duration of sensory impairments, mode of completion, sex, age, instrumental activities of daily living, comorbidity, educational level, or cohabitation status was found ([Table 3](#T3){ref-type="table"}). This means that for the two specific focuses, (a) there was no evidence that the Major Depression Inventory functioned differentially relative to the severity and duration of sensory impairments, (b) nor was there any evidence to support the hypothesis that receiving assistance in completing the questionnaire or not would affect the validity of the Major Depression Inventory (i.e., no differential item functioning).

###### 

Global Test of Fit (Homogeneity in Score Groups) and Global Tests of Differential Item Functioning of the Graphical Log-Linear Rasch Model for the 8-Item Major Depression Inventory (*N* = 207)

  Tests of fit                      GLLRM        
  --------------------------------- ------- ---- -----
  Global homogeneity                11.7    22   .96
  Global DIF relative to                         
   Sex                              21.8    22   .47
   Age                              91.1    66   .02
   Educational level                75.1    66   .21
   Cohabitation status              34.0    22   .05
   Mode of completion               62.6    44   .03
   Severity of vision impairment    42.8    44   .52
   Duration of vision impairment    76.9    66   .17
   Severity of hearing impairment   41.6    22   .58
   Duration of hearing impairment   62.1    66   .61
   Comorbidity                      24.3    22   .33
   Functional status                56.7    44   .10

*Note:* GLLRM includes local dependence interactions between items 2 and 3, and items 4 and 5 respectively. GLLRM = graphical log-linear Rasch model. CLR = conditional likelihood ratio test. DIF = differential item functioning. All *p*-values above .05 after adjustment for false discovery rate due to multiple testing using the Benjamini--Hochberg procedure, as the critical limit was .0042.

![The graphical log-linear Rasch model for the 8-item major depression inventory.](igy01001){#F1}

### Item difficulty {#s19}

The item difficulties, meaning the relative difficulty for participants to endorse the different item-statements, are shown in the [Supplementary Figure](#sup1){ref-type="supplementary-material"}. For all participants, regardless of depression level, the most difficult item to endorse was item 6 "felt life was not worth living." This item required a high depression score to endorse. The easiest item to endorse, regardless of depression level, was the composite item made up of the locally dependent items 2 and 3 "lost interest in daily activities" and "felt lacking in energy and strength."

### Reliability and targeting {#s20}

The overall reliability was 0.81. Reliability and targeting were calculated across subgroups defined by gender, severity of hearing impairment and functional status, as these were associated with theta ([Figure 1](#F1){ref-type="fig"}). The reliabilities ranged from 0.58 to 0.87 ([Supplementary Table](#sup1){ref-type="supplementary-material"}), and males with severe hearing impairment and low functional status had the lowest reliability. Targeting of both theta and the observed score also varied across the subgroups, and was found to be good for all groups except for females with high functional status and any degree of hearing impairment, where only about 63% of the maximum obtainable information was obtained ([Supplementary Table](#sup1){ref-type="supplementary-material"}).

### Mean item scores {#s21}

The mean score of the 8-item version was 9.81 (*SD* = 8.17) with original scoring (response categories 0--5) and 6.02 (*SD* = 4.13) with modified scoring (response categories 1--3). Item 3 "lacking in energy and strength" had the highest mean item score, whereas item 5 "bad conscience or feelings of guilt" had the lowest ([Table 1](#T1){ref-type="table"}).

Discussion and Implications {#s22}
===========================

Our results suggest that an 8-item version of the Major Depression Inventory can be used among people with acquired dual sensory loss. Furthermore, it seemed like the severity of hearing and vision impairments as well as the mode of data collection did not differentially influence the item responses.

As no other studies, to our knowledge, have used Rasch models to analyze the validity of depression screening instruments among people with acquired dual sensory loss, comparisons with other studies are limited. However, two prior studies have analyzed the use of the Patient Health Questionnaire-9 to measure depression among visually impaired people ([@CIT0018]; [@CIT0032]) and they both found that the instrument generally had acceptable psychometric properties, which is in line with our findings. One of the studies found that the item "trouble falling or staying asleep" functioned differentially relative to duration of vision impairment, where longer duration was associated with sleep disturbances independent of the level of depression ([@CIT0018]). The other study did not find problems with the sleep item, however, this could be due to lack of statistical power ([@CIT0032]). In the present study, the item on sleep in the Major Depression Inventory did not fit the Rasch model, this could be due to several reasons. The majority of participants in our study have had vision and/or hearing impairment for more than 10 years. If longer duration of impairments are associated with sleep disturbances, this could be one reason why the item on sleep did not fit the Rasch model. Another explanation could be the effect of visual impairment on the circadian rhythm ([@CIT0043]). One further explanation could be the high mean age of our sample. Sleep disturbances become more prevalent with increasing age, especially above 60 years of age ([@CIT0036]). These age-related sleep disturbances can be caused by multiple factors such as morbidity, use of medication, and psychosocial factors ([@CIT0036]). Future studies should control for factors other than depression to explain sleep problems.

Another item that did not fit the Rasch model in our study was "Have you felt low in spirits or sad?" The item was not found to be directly linked to the sensory impairments, however. In a study among patients suspected of having depression, this item only fit the Rasch model after collapsing the six response categories to four ([@CIT0038]). However, there have been no problems with the fit of the item in other studies ([@CIT0002]; [@CIT0039]). The feeling of being low in spirits or sad is not exclusive to depression, thus, the misfit could be due to participants endorsing the item for other reasons than depression. However, more research is needed in order to determine why this item shows problems with fit to the Rasch model, and whether it might only behave differently among elderly with acquired dual sensory loss.

Altogether, the results propose that two items have to be excluded from the Major Depression Inventory when used among elderly with acquired dual sensory loss. Though the precision of the scale will be lower when omitting the two items, the construct validity will be intact, as the remaining items measure symptoms of depression.

In analyzing differential item functioning, we found no differential item functioning present. Regarding mode of completing the questionnaire, this was in contrast to the hypothesis that participants who received help to complete the questionnaire would respond more positively. However, it should be noted that some of the response categories of mode of completion were not often used, thus this result was not strong. The results showed no evidence of an association between the mode of completing the questionnaire and the observed score on the Major Depression Inventory. In survey research, standardization has been the gold standard for designing survey studies ([@CIT0011]); however, using targeted data collection has been found to reduce nonresponse bias ([@CIT0033]; [@CIT0040]). This is in line with our findings which suggest that different modes of data collection in a hard-to-reach group such as elderly persons with acquired dual sensory loss might not bias the findings critically, but rather help to limit nonresponse bias. This should be further examined in future studies.

Reliability of the total scale and the subscales was acceptable except for one subgroup. Reliability levels in this study are in line with those of other studies using the Major Depression Inventory ([@CIT0006]; [@CIT0038]; [@CIT0039]) and among people with sensory impairments ([@CIT0014]). The somewhat lower reliabilities found for males might be due to the relatively small number of males in the sample and thus in the subgroups. The targeting was reasonable for the 8-item version of the Major Depression Inventory, which was in line with a previous study on patients suspected of having depression ([@CIT0038]). Depression is strongly associated with functional impairment and disability in elderly populations ([@CIT0010]), which could be the reason why targeting was least optimal for those with high functional status.

Limitations {#s23}
===========

Though this study's sample is large compared to other dual sensory loss and acquired dual sensory loss studies, it was evident from the distribution of responses on some items of the Major Depression Inventory that some response categories were rarely used. As expected, this caused problems with convergence during initial analysis and response categories were therefore collapsed to three for all analyses reported in this study. Due to this and the exclusion of two items, the scoring of the scale cannot be compared with the original scoring and the original cut-off points can therefore not be used for determining depression among people with acquired dual sensory loss.

Participants were recruited from the national service provider for acquired dual sensory loss in Denmark. Consequently, not all with acquired dual sensory loss in Denmark were identified and included in this study. Thus, the sample might include more individuals with a stronger network and interest in receiving support causing a potential risk of selection bias. However, the study succeeded in collecting data from a large and well-defined national sample including all individuals identified with acquired dual sensory loss. Due to the support that was provided for data collection, it was possible to include people with severe levels of impairment resulting in a relatively high response rate of 66% in this hard-to-reach population.

This study used self-reported hearing and vision impairment and not objective clinical measures. Among individuals with hearing impairment, it has been reported that clinical measures of hearing impairment are less associated with mental distress than self-reported hearing impairment ([@CIT0017]). Although self-reported sensory impairment might be the best indicator for mental health, we recommend that future studies include objective clinical measures of sensory impairment. We also recommend that future research ensure complete background information in order to ensure that all relevant subgroups can be included in analyses of differential item functioning. This was not possible for this study, where 207 out of the 302 participants were included for analyses. Lastly, it should be noted that some items such as item 7 on concentration while listening to the radio or following a television program worked well in this sample of individuals with residual vision or hearing, but that this may not be the case for those without residual abilities. Thus, we recommend investigating the validity of the scale among people with complete vision and hearing loss.

Despite the above mentioned limitations, important findings have been discovered due to the use of Rasch models. Modern psychometrics such as Rasch models can identify the potential underlying problems with individual items, and can thus be used to adjust the scale accordingly for use in a specific population of interest. This study is, to our knowledge, the first study to use Rasch models in an acquired dual sensory loss sample underlining the need for the application of modern psychometrics to measures used among elderly persons with severe health conditions. Future research should retest the 8-item Major Depression Inventory and investigate its convergent validity, sensitivity, and specificity.

Conclusion {#s24}
==========

This study found an 8-item version of the Major Depression Inventory to be appropriate as a screening instrument for depressive symptoms among elderly persons with acquired dual sensory loss. Interestingly, and perhaps surprisingly, we found that the severity of hearing and vision losses might not differentially influence the scoring of the Major Depression Inventory (no differential item functioning). This indicates that symptoms associated with depression and acquired dual sensory loss can possibly be measured independently, and the scale can possibly be used among people with mild as well as severe sensory impairments. These results underline the significance of validating instruments before use in populations of elderly persons with severe health conditions.

Finally, the different modes of completion did not seem to lead to response bias in this study. However, as some of the modes of completion were seldom used, this result requires further examination in future research. Future studies among elderly persons with severe health conditions affecting their ability to participate in survey studies should investigate whether the studies might benefit from a multimodal data collection approach to increase the response rate and reduce nonresponse bias.
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